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A  selective,  sensitive  and  accurate  high-performance  liquid  chromatography-tandem  mass  spectrom¬ 
etry  (LC-MS-MS)  method  for  the  quantitation  of  hydrocodone,  hydromorphone  and  norhydrocodone 
in  human  plasma  was  developed.  The  internal  standard  stock  solution  comprised  of  hydrocodone- 
d6,  hydromorphone-d6  and  norhydrocodone-d3  was  added  to  0.5  mL  plasma  samples.  Samples  were 
extracted  using  a  copolymeric  sorbent  (mixed  mode)  solid  phase  extraction  (SPE)  column.  Chromato¬ 
graphic  separation  was  carried  out  using  a  reversed-phase  Cl  8  analytical  column  with  a  gradient  mobile 
phase  consisting  of  solvent  A  =  5%  acetonitrile  with  0.1%  formic  acid  and  solvent  B=  100%  acetonitrile. 
MS  analysis  was  performed  using  positive  electrospray  ionization  (ESI)  in  multiple  reaction  monitoring 
(MRM)  mode.  Linearity  was  established  over  the  range  1-100  ng/mL  with  correlation  coefficients  >0.998 
for  all  three  analytes.  The  coefficient  of  variation  (CV)  of  intra-day  samples  was  <5.6%  at  10  ng/mL.  The 
precision  of  inter-day  (6  days)  samples  resulted  in  CVs  <8.1%  at  concentrations  tested  at  2.5,  10  and 
25  ng/mL  for  all  three  analytes.  The  lower  limit  of  quantification  (LOQ)  was  1.0  ng/mL  with  signal-to- 
noise  (S/N)  ratio  >10,  the  limit  of  detection  (LOD)  was  0.25  ng/mL  with  S/N  ratio  >3  for  the  drug  and  its 
metabolites.  Dilution  effects,  extraction  recovery,  stability,  interference,  carryover  and  ion  suppression 
were  also  evaluated.  This  method  was  successfully  applied  to  human  subject  plasma  samples  in  support 
of  a  hydrocodone  pharmacokinetic  study. 

Published  by  Elsevier  B.V. 


1.  Introduction 

There  has  been  a  substantial  increase  in  prescribing  and  mis¬ 
use  of  the  opioid  pain  medication,  hydrocodone.  Hydrocodone  is  a 
semi-synthetic  opioid  that  has  been  used  for  decades  as  an  anal¬ 
gesic  [1-3]  and  is  prescribed  frequently  for  patients  suffering  from 
acute  and  chronic  pain.  It  is  highly  addictive  and  has  a  high  potential 
for  abuse.  Hydrocodone  is  metabolized  by  the  body  to  hydromor¬ 
phone,  norhydrocodone  and  other  minor  metabolites.  Although 
hydrocodone  has  been  shown  to  have  some  activity,  the  more  active 
compound  is  hydromorphone  [4].  The  cytochrome  P450  (CYP) 
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isoforms  involved  in  the  oxidative  metabolism  of  hydrocodone 
have  been  well  characterized.  Hydrocodone  is  O-demethylated  by 
cytochrome  P450  2D6  (CYP2D6)  to  its  active  metabolite,  hydro¬ 
morphone  and  N-demethylated  by  cytochrome  P450  3A4  to  form 
norhydrocodone  [4-9].  Because  hydrocodone  is  biotransformed 
into  another  commercially  available  prescription  opiate,  hydro¬ 
morphone,  detecting  the  active  metabolite  in  biological  matrices 
may  not  be  the  best  indicator  for  hydrocodone  use.  On  the  other 
hand,  norhydrocodone  is  not  available  as  a  prescription  drug  thus 
may  be  the  more  useful  metabolite  in  monitoring  and  understand¬ 
ing  hydrocodone  use. 

Several  quantitative  methods  for  hydrocodone  and/or  hydro¬ 
morphone  in  blood  or  plasma  have  been  reported  [5,10-17]; 
however,  detection  or  quantitation  of  the  nor-metabolite  was  not 
accomplished.  In  other  studies,  description  of  quantitative  methods 
for  hydrocodone,  hydromorphone  and  norhydrocodone  have  been 
published;  however,  the  matrix  in  those  studies  was  human  liver 
microsomes  [18]  or  urine  [19].  In  the  current  study,  a  quantitative 
method  for  analysis  of  hydrocodone,  hydromorphone  and  norhy¬ 
drocodone  in  plasma  using  SPE  and  LC-MS-MS  was  validated  and 
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applied  to  a  pharmacokinetic  study  in  plasma  of  human  subjects 
administered  hydrocodone. 

2.  Experimental 

2.1.  Chemicals  and  reagents 

Hydrocodone,  hydromorphone,  norhydrocodone,  hydrocodone 
d-6,  hydromorphone-d6  and  norhydrocodone-d3  were  obtained 
from  Cerilliant  (Round  Rock,  TX).  p-Glucuronidase  from  Helix 
pomatia ,  Type  HP-2  (aqueous  solution,  activity  >1 00,000  U/mL) 
was  obtained  from  Sigma  Chemical  Company  (St.  Louis,  MO). 
Acetonitrile  (Optima®  LC/MS),  water  (Optima®  LC/MS),  methanol 
(HPLC  grade),  methylene  chloride  (HPLC  grade),  acetic  acid  (HPLC 
grade)  isopropyl  alcohol  (A.C.S.),  and  sodium  acetate  (HPLC  grade) 
were  purchased  from  Fisher  Scientific  (Fair  Lawn,  NJ).  Ammo¬ 
nium  hydroxide,  28-30%  (A.C.S.)  was  obtained  from  J.T.  Baker  Inc. 
(Phillipsburg,  NJ).  The  Kinetex  2.6p,,  Cl 8,  50  mm  x  2.1 0  mm  ana¬ 
lytical  column  was  purchased  from  Phenomenex  (Torrance,  CA) 
and  the  Clean  Screen  XCEL  1, 130  mg/3  mL  extraction  column  from 
United  Chemical  Technology  ([UCT],  Bristol,  PA).  Formic  acid  was 
from  Michrom  Bioresources,  Inc.  ([Ultra  Pure],  Auburn,  CA). 

2.2.  Sample  preparation 

A  stock  solution  was  prepared  by  adding  lOOOng/mL 
hydrocodone,  hydromorphone  and  norhydrocodone  to  opioid  neg¬ 
ative  human  pooled  plasma.  Further  dilutions  were  made  at 
the  following  concentrations:  0.1,  0.25,  0.5,  1,  2.5,  5,  10,  25, 
50,  and  lOOng/mL.  Enzyme  hydrolysis  was  used.  Twenty-five 
microliters  of  1  p,g/mL  d6-hydrocodone/d6-hydromorphone/d3- 
norhydrocodone,  500  pX  0.1  M  sodium  acetate  buffer,  pH  5  and 
20  pX  10,000  U/mL  p-glucuronidase  were  added  to  500  pX  of 
plasma.  Samples  were  mixed,  heated  to  60  °C  for  2h  in  a  water 
bath,  cooled  to  room  temperature,  centrifuged  at  2500  rpm  for 
15  min  then  transferred  to  a  clean  glass  tube  and  then  extracted. 
A  500  pX  aliquot  of  hydrolyzed  plasma  was  extracted  with  UCT 
Clean  Screen  XCEL  I  130  mg/3  mL  column  using  a  Zymark  Rapid- 
Trace  robotic  system.  The  extraction  protocol  was  as  follows:  the 
sample  was  loaded  onto  the  column  at  1  mL/min,  dried  with  nitro¬ 
gen  for  1  min,  rinsed  with  2  mL  2%  acetic  acid  in  methanol,  then 
dried  with  nitrogen  for  5  min.  The  analytes  were  eluted  with 
1  mL  freshly  prepared  solution  of  methylene  chloride/isopropyl 
alcohol/ammonium  hydroxide  (78:20:2,  v/v/v)  at  1  mL/min.  The 
extracts  were  evaporated  to  dryness  under  a  stream  of  nitrogen  in 
a  45  °C  water  bath.  The  dry  residues  were  reconstituted  in  100  pX 
mobile  phase  (5%  acetonitrile  aqueous  solution  with  0.1%  formic 
acid)  and  injected  onto  the  LC-MS-MS  system. 

2.3.  LC-MS-MS  conditions 

The  LC-MS-MS  configuration  was  comprised  of  an  Agilent  LC 
system  coupled  to  an  Applied  Biosystems  4000  QTrap  mass  spec¬ 
trometer.  The  samples  were  analyzed  using  a  Phenomenex  Kinetex 
analytical  column  (2.6p,,  50  mm  x  2.1  mm).  The  LC  mobile  phase 
consisted  of  solvent  A  =  5%  acetonitrile  with  0.1%  formic  acid  and 
solvent  B  =  100%  acetonitrile:  flow  rate  was  set  at  0.5  mL/min.  The 
column  oven  temperature  was  maintained  at  25  °C  and  the  injec¬ 
tion  volume  was  lOpX.  The  gradient  flow  method  consisted  of 
an  opening  condition  of  5%  solvent  B,  with  a  linear  increase  to 
60%  solvent  B  over  2.2  min,  then  a  linear  increase  to  95%  solvent 
B  at  2.23  min,  0.27  min  at  95%  solvent  B,  and  then  a  return  to 
the  opening  condition  (5%  solvent  B)  via  a  linear  gradient  over 
0.1 5  min,  followed  by  2.35  min  re-equilibration  at  opening  condi¬ 
tions.  The  total  run  time  was  5  min  for  each  sample.  Analysis  was 


performed  using  positive  ion  electrospray  MS-MS  in  multiple  reac¬ 
tion  monitoring  (MRM)  mode.  Two  MRM  transitions  (transition 
1:  quantifier;  transition  2:  qualifier)  per  analyte  were  used,  and 
the  declustering  potential  (DP),  collision  energy  (CE)  and  collision 
cell  exit  potential  (CXP)  were  optimized  as  shown  in  Table  1.  The 
detector  conditions  were  as  follows:  polarity  mode,  ESI  positive; 
Scan  type,  MRM;  Curtain  gas  1 5  psi.  Collision-activated  dissocia¬ 
tion  (CAD)  gas  =  high;  ion  source  gas  1  =40;  ion  source  gas  2  =  40; 
ion  spray  voltage  5000  V;  temperature  600  °C;  entrance  potential 
10. 

2.4.  Validation 

Quantitation  and  detection  were  based  on  a  six-point  calibra¬ 
tion  using  calibration  standards  containing  1,  2.5,  5,  10,  50  and 
lOOng/mL  of  hydrocodone,  hydromorphone  and  norhydrocodone 
prepared  in  drug  free  plasma  with  each  standard  containing 
50ng/mL  of  deuterium-labeled  isotopomer  internal  standards 
(hydrocodone-d6,  hydromorphone-d6,  norhydrocodone-d3).  To 
test  dilution  effects  and  linearity  range,  concentrations  at  1,  2.5, 
25,  50,  and  100  prepared  from  a  lOOOng/mL  pooled  plasma 
stock  of  the  three  analytes  were  evaluated  on  six  consecutive 
runs.  Transition  ions  monitored  (Table  1)  for  the  analytes  and 
their  respective  internal  standards  were  as  follows:  hydrocodone 
m/z  300.2  >199.1,  300.2  >171.0;  hydrocodone-d6,  306.2  >174.0; 
hydromorphone  286.1  >185.0,  286.1  >157.0;  hydromorphone-d6, 
292.2  >185.2;  norhydrocodone,  286.2  >199.1,  286.2  >241.1;  and 
norhydrocodone-d3,  289.0  >202.0.  The  mass  spectra  of  the  three 
opioids  and  deuterated  internal  standards  are  shown  in  Fig.  1. 
Acceptance  criteria  were:  quantitative  values  within  ±20%  of  the 
target  concentration  with  proper  qualitative  identification  as  deter¬ 
mined  by  transition  ion  area  ratios  within  ±20%  and  retention  time 
within  ±2%  of  the  calibration  standards  while  exhibiting  acceptable 
chromatography.  The  calculated  ion  area  ratio  range  was  based  on 
the  average  of  ratio  ranges  obtained  for  the  six  standards. 

Twelve  samples  were  analyzed  to  demonstrate  the  efficiency  of 
the  extraction  procedure.  Drug  and  internal  standards  were  added 
to  6  samples  prior  to  extraction.  To  the  remaining  6  samples,  inter¬ 
nal  standard  was  added  after  the  samples  had  been  extracted.  The 
mean  and  standard  deviation  were  calculated  for  each  set  of  sam¬ 
ples  and  extraction  efficiency  determined.  The  linear  range  was 
established  for  this  procedure  by  the  analysis  of  at  least  seven 
different  runs  with  concentrations  ranging  from  1  to  lOOng/mL 
hydrocodone,  hydromorphone  and  norhydrocodone.  Within  run 
precision  was  measured  by  testing  replicates  (n  =  6)  of  the  three 
analytes  at  1 0  ng/mL  and  respective  internal  standards  at  50  ng/mL. 
Between  run  precision  was  measured  by  testing  concentrations  at 
2.5, 10,  and  25  ng/mL  of  the  three  analytes  and  respective  internal 
standards  on  six  separate  runs.  The  LOD  was  assessed  by  testing 
analyte  concentrations  at  0.25  and  0.5  ng/mL  on  at  least  six  runs.  Six 
random  plasma  specimens  collected  from  human  volunteers  were 
analyzed  to  check  for  potential  endogenous  interferences  with  the 
analytes  of  interest.  Stability  of  the  drug  and  metabolites  in  plasma 
was  also  evaluated.  Plasma  stock  solutions  at  concentrations  of  25 
and  50  ng/mL  of  the  analytes  were  stored  refrigerated  (2-8  °C)  or 
frozen  (-70  °C).  Refrigerated  samples  were  tested  after  2  months 
of  storage;  frozen  samples  were  tested  for  up  to  1  year  from  stor¬ 
age  date.  The  freeze-thaw  stability  was  evaluated  by  analyzing 
three  subject  samples  with  known  drug  concentrations  and  two 
quality  control  samples  at  concentrations  of  7.5  and  25  ng/mL  after 
undergoing  three  freeze-thaw  cycles.  Samples  remained  unfrozen 
for  a  minimum  of  2  h  per  cycle  with  at  least  20  h  between  cycles. 
An  autosampler  stability  (room  temperature)  determination  of  six 
quality  control  sets  was  performed  at  a  24  h  period. 

Since  matrix  effect  can  influence  the  extent  of  analyte  ioniza¬ 
tion,  an  ion  suppression  experiment  was  conducted.  Drug  negative 
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Table  1 

MRM  transitions. 


Compound  transition  l/2a 

MRM  transition  (m/z) 

Dwell  time  (ms) 

Declustering  potential  (DP) 

Collision  energy  (CE) 

Collision  cell  exit  potential  (CXP) 

Hydrocodone  1 

300.2— ►  199.1 

100 

90 

42 

13 

Hydrocodone  2 

300.2— ►  171.0 

100 

90 

54 

13 

Hydrocodone-D6 

306.2^174.0 

100 

97 

42 

13 

Hydromorphone  1 

286.1^185.0 

100 

94 

42 

11 

Hydromorphone  2 

286.1^157.0 

100 

94 

57 

11 

Hydromorphone-d6 

292.2^185.2 

100 

100 

44 

12 

Norhydrocodone  1 

286.2  199.1 

100 

85 

39 

14 

Norhydrocodone  2 

286.2 -*241.1 

100 

85 

34 

14 

Norhydrocodone-d3 

289.0^202.0 

100 

80 

40 

10 

a  Transition  1:  quantifier  and  transition  2:  qualifier. 


plasma  was  hydrolyzed  and  extracted  in  the  same  manner  as  test 
samples  to  best  mimic  matrix  complexity.  A  200  ng/mL  solution  of 
the  analytes  in  acetonitrile  was  prepared  and  was  loaded  into  the 
infusion  pump  syringe.  The  infusion  pump  was  connected  post¬ 
column  via  a  tee  connector;  the  solution  was  infused  atlO  p,L/min. 
Once  the  baseline  was  stable,  injections  of  drug-free  plasma  extract 
were  made  in  the  same  manner  as  standard  acquisitions. 

3.  Results  and  discussion 

3.1.  LC-MS-MS 

One  of  the  advantages  of  LC-MS-MS  is  the  ability  to  spectrally 
separate  these  opioids.  An  LC  gradient  with  run  time  of  5  min 
was  instituted  to  achieve  better  separation  of  the  compounds. 


Retention  time  for  hydrocodone  was  2.49  min,  1.48  min  for  hydro- 
morphone  and  2.42  min  for  norhydrocodone.  Hydromorphone  and 
norhydrocodone  share  the  same  precursor  ion  but  were  separated 
chromatographically  in  time.  Hydrocodone  and  norhydrocodone 
were  not  totally  separated  but  were  spectrally  distinguishable  due 
to  the  difference  in  precursor  ion  between  the  two  analytes. 

The  hydroxy  metabolite  exists  in  both  the  free  and  glucuronide- 
conjugated  forms.  The  samples  were  subjected  to  enzyme 
hydrolysis  prior  to  extraction  to  provide  measurement  of  total 
(free  and  conjugated)  hydromorphone.  Evaluation  of  conjugated 
versus  unconjugated  metabolite  in  plasma  samples  from  subjects 
administered  hydrocodone  was  assessed.  Results  showed  that  total 
hydromorphone  was  clearly  generated  by  hydrolysis.  Specimens 
were  hydrolyzed  by  a  2  h  enzymatic  treatment  prior  to  assay  to 
provide  measurement  of  total  drug. 
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Fig.  1.  (A)  ESI-mass  spectra  and  (B)  MS-MS  spectra  of  the  opioids,  and  their  deuterated  internal  standards. 
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3.2.  Dilution  integrity 

Samples  diluted  from  a  stock  prepared  in  opioid  negative  human 
plasma  were  analyzed  to  study  dilution  effects.  The  lOOng/mL 
concentration  was  diluted  directly  from  the  1 000  ng/mL  stock.  Con¬ 
centrations  diluted  directly  from  the  lOOng/mL  stock  were  the 
75,  50,  and  10  ng/mL;  the  7.5,  5,  and  1  ng/mL  were  diluted  from 
the  10  ng/mL  stock.  The  25  ng/mL  was  diluted  from  the  50  ng/mL 
stock;  2.5  ng/mL  from  5  ng/mL;  0.5  from  1  ng/mL;  0.25  ng/mL  from 
0.5  ng/mL  and  0.1  ng/mL  from  1  ng/mL.  Concentrations  were  ana¬ 
lyzed  on  6  different  runs.  The  assay  yielded  good  reproducible 
results  (±20%  of  target  concentration)  and  were  within  the  lin¬ 
ear  range  of  the  standard  curve  with  exception  of  the  0.1  and 
0.25  ng/mL  concentrations.  In  addition,  1:40  and  1:20  dilutions 
of  the  1000  ng/mL  concentration  were  prepared  in  opioid  nega¬ 
tive  human  plasma,  results  were  within  acceptable  range  of  target 
value.  At  dilution  factor  of  40  x,  quantitative  results  were  1024, 
1020  and  976  ng/mL;  at  20  x  dilution  factor,  quantitative  results 
were  986,  996  and  1004  ng/mL  for  hydrocodone,  hydromorphone 
and  norhydrocodone,  respectively. 

3.3.  Linearity  and  recovery 

A  multi-level  calibration  was  used;  the  curve  was  constructed  by 
calculating  the  amount  ratio  and  the  response  ratio  for  the  calibra¬ 
tor  levels  using  the  instrument’s  data  system  software.  The  average 
correlation  coefficient  and  standard  deviation  for  the  curves  was 
calculated  to  determine  the  minimum  acceptable  value  for  the  cal¬ 
ibration  curve  (1-1 00  ng/mL).  Based  on  these  data,  the  minimum 
allowable  value  for  a  calibration  curve  for  all  analytes  is  0.995. 
Acceptable  linearity  was  defined  as  a  set  of  concentration  values 
with  a  linear-regression  correlation  coefficient  (r)  of  >0.995  and  ion 
ratio  values  within  ±20%  of  average  standard  values;  all  standard 
curves  over  the  range  from  1  to  1 00  ng  mL  hydrocodone,  hydromor¬ 
phone,  and  norhydrocodone  were  within  acceptable  calibration 
criteria.  Quantitation  was  based  on  a  six-point  calibration  curve:  1, 
2.5, 5, 1 0, 50, 1 00  ng/mL  with  final  internal  standard  concentrations 
of  50  ng/mL.  The  linear  range  for  hydrocodone,  hydromorphone  and 
norhydrocodone  is  1-1 00  ng/mL.  The  linear  range  was  established 
for  this  procedure  by  analysis  on  6  different  runs  on  concentra¬ 
tions  ranging  from  0.1  to  lOOng/mL  of  the  analytes  prepared  in 
opioid  negative  plasma.  Values  were  considered  within  acceptable 
range  if  the  measured  amount  was  within  ±20%  of  target  concentra¬ 
tion  and  ±20%  of  ion  ratio  calculation.  Originally,  12  concentration 
points  (0.1,  0.25,  0.5,  1,  2.5,  5,  7.5,  10,  25,  50,  75  and  lOOng/mL 
hydrocodone,  hydromorphone  and  norhydrocodone)  were  tested; 
however,  the  measured  amount  for  0.1,  0.25  and  0.5  ng/mL  of  each 
analyte  was  not  always  within  acceptable  limits. 

For  extraction  efficiency  evaluation,  twelve  samples  were  either 
subjected  to  addition  of  internal  standard  pre-SPE  or  to  addition 


Table  2 

Between  run  precision. 


Compound 

Concentration  Mean  (n  =  6)  Std.  dev. 

(ng/mL) 

%cv 

2.5 

2.43 

0.10 

4.2 

Hydrocodone 

10.0 

9.84 

0.79 

8.1 

25.0 

24.18 

1.23 

5.1 

2.5 

2.52 

0.16 

6.3 

Hydromorphone 

10.0 

10.0 

0.72 

7.2 

25.0 

23.88 

0.81 

3.4 

2.5 

2.61 

0.11 

4.1 

Norhydrocodone 

10.0 

10.18 

0.35 

3.4 

25.0 

24.15 

1.27 

5.3 

of  internal  standard  post-extraction.  Drug  (10  ng/mL  hydrocodone, 
hydromorphone,  norhydrocodone)  and  50  ng/mL  internal  standard 
(hydrocodone-d6,  hydromophone-d6,  norhydrocodone-d3)  were 
added  to  6  samples  prior  to  extraction.  To  the  remaining  6  samples, 
internal  standard  was  added  after  the  samples  had  been  extracted. 
The  mean  and  standard  deviation  were  calculated  for  each  set 
of  samples  and  extraction  efficiency  determined.  The  extraction 
efficiency  for  hydrocodone,  hydromorphone,  and  norhydrocodone 
was  74,  72,  and  73%,  respectively. 

3.4.  Precision 

Intra-assay  (within  run)  precision  was  assessed  by  testing  repli¬ 
cates  (n  =  6)  of  the  analytes  and  internal  standard  in  a  single  assay. 
Inter-assay  (between  run)  precision  was  determined  by  testing 
replicates  (n  =  6)  of  the  analytes  and  internal  standard  in  at  least  six 
consecutive  runs.  The  mean,  standard  deviation  and  CV  were  calcu¬ 
lated.  Within-run  precision  CV  was  <5.6%  for  all  analytes.  Between 
run  precision  CVs  were  <6.3%  at  2.5  ng/mL,  <8.1%  at  10  ng/mL  and 
<5.3%  at  25  ng/mL  for  all  three  analytes  (Table  2). 

3.5.  Sensitivity 

The  limit  of  detection  (LOD)  is  the  minimum  concentration  at 
which  the  analyte  can  be  identified  (signal-to-noise  [S/N]  ratio 
>3).  The  lower  limit  of  quantitation  (LLOQ)  by  this  procedure  was 
defined  as  the  lowest  concentration  of  the  analyte  that  can  be 
quantified  with  an  acceptable  level  of  precision  and  accuracy  and 
for  which  ion  ratios  fall  within  20%  of  the  established  range  and 
S/N  ratios  are  at  least  >10.  To  determine  LOD  and  LOQ  concentra¬ 
tions  at  0.1 , 0.25  and  0.5  ng/mL  hydrocodone,  hydromorphone,  and 
norhydrocodone  were  assayed  on  six  runs.  Under  these  conditions, 
the  LOD  (acceptable  ion  ratios,  presence  of  all  MRM  transitions 
and  signal-to-noise  [S/N]  ratio  >3)  was  0.25  ng/mL.  Representative 
chromatograms  of  the  LOD  sample  for  the  analytes  are  shown  in 


XIC  of +MRM:  HC  1:  300.2/199.1;  HC  2:  300.2/171.0  XIC  of +MRM:  HM  1:  286.1/185.0;  HM  2:  286.1/157.0  XIC  of +MRM:  NHC1:  286.2/199.1;  NHC  2:  286.2/241.1 


Fig.  2.  Signal-to-noise  ratio  (S/N)  for  0.25  ng/mL:  (A)  HC,  (B)  HM  and  (C)  NHC  MRM  transitions  1  and  2. 
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Fig.  3.  Ion  suppression  evaluation.  (A)  HC  MRM  transition  1  (300.2/199.1)  and  2  (300.2/171.0),  (B)  HM  MRM  transitions  1  (286.1/185.0)  and  2  (286.1/157.0)  and  (C)  NHC 
MRM  transitions  1  (286.2/199.1)  and  2  (286.2/241.1). 


Fig.  2.  The  LOQwas  1.0  ng/mL  for  all  three  analytes  with  S/N  ratios 
greater  than  12:1. 

3.6.  Stability. 

Hydrocodone,  hydromorphone  and  norhydrocodone  plasma 
spiked  samples  and  samples  from  human  subjects  administered 
hydrocodone  were  aliquoted  into  several  sets  and  stored  either  at 
2-8  °C  for  2  months  or  -70  °C  for  up  to  12  months.  No  statisti¬ 
cally  significant  difference  (p>  0.05)  was  seen  between  results  for 
first  run  vs.  refrigerated  or  freezer  stored  samples,  therefore,  under 
these  conditions,  the  analytes  are  stable  for  at  least  2  months  at 
2-8  °C  and  up  to  12  months  at  -70  °C.  The  analytes  were  found 
to  be  stable  in  plasma  through  three  freeze  (-70°C)-thaw  (4°C) 
cycles,  and  for  at  least  24  h  in  the  reconstitution  solution  on  the 
autosampler  tray  (room  temperature). 

3.7.  Interference  and  carry-over 

Six  different  random  opioid-negative  plasma  samples  were 
evaluated  to  check  for  any  indication  of  interference  with  the 
monitored  ions  for  the  analytes  or  internal  standards  under  the 
conditions  used  in  this  study.  No  interference  was  seen;  endoge¬ 
nous  components  in  plasma  did  not  interfere  with  any  of  the 
analytes  at  the  retention  time  of  peaks  for  hydrocodone,  hydro¬ 
morphone,  norhydrocodone  and  respective  internal  standards  in 
negative  plasma  samples. 

Carry-over  was  evaluated  by  injection  of  blank  sample  (mobile 
phase)  or  known  opioid  negative  plasma  following  high  concentra¬ 
tion  (100  and  1000  ng/mL)  samples.  Solvent  and  negative  plasma 


injections  following  the  high  concentration  injections  showed  no 
significant  carryover.  Although  no  significant  carryover  was  seen 
following  high  concentration  samples,  one  solvent  injection  was 
placed  between  each  sample  injection. 

Ion  suppression  was  tested  by  infusing  a  200  ng/mL  solution 
of  the  analytes  in  acetonitrile.  Once  the  baseline  became  stable, 
injections  of  drug-free  plasma  (n  =  3)  were  then  made  as  normal 
acquisitions.  No  ion  suppression  was  seen  at  the  retention  times  of 
interest  (see  Fig.  3). 

4.  Conclusion 

This  study  provides  a  validated  quantitative  method  for  the 
analysis  of  hydrocodone,  hydromorphone  and  norhydrocodone 
in  plasma  by  LC-MS-MS.  Extraction  was  performed  using  mixed 
mode  SPE  cartridges  for  sample  preparation  and  a  Cl  8  column  LC 
column  for  separation  of  the  analytes.  The  six-point  calibration 
curve  consisted  of  1,  2.5,  5,  10,  50  and  100  ng/mL  of  the  com¬ 
pounds;  however  use  of  a  4  or  5  point  calibration  curve  was  found 
to  be  acceptable.  The  limit  of  quantitation  is  1  ng/mL  and  LOD 
is  0.25  ng/mL  for  all  three  analytes.  The  method  provided  a  reli¬ 
able  and  sensitive  procedure  for  the  quantitation  of  hydrocodone, 
hydromorphone  and  norhydrocodone  in  human  plasma  samples 
for  a  hydrocodone  pharmacokinetic  study. 
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